Formal statistical methods for analyzing clinical trial data are widely accepted by the medical community. Unfortunately, the interpretation and reporting of trial results from the perspective of clinical importance has not received similar emphasis. This imbalance promotes the historical tendency to consider clinical trial results that are statistically significant as also clinically important, and conversely, those with statistically insignificant results as being clinically unimportant. In this paper, we review the present state of knowledge in the determination of the clinical importance of study results. This work also provides a simple, systematic method for determining the clinical importance of study results. It uses the relationship between the point estimate of the treatment effect (with its associated confidence interval) and the estimate of the smallest treatment effect that would lead to a change in a patient's management. The possible benefits of this approach include enabling clinicians to more easily interpret the results of clinical trials from a clinical perspective, and promoting a more rational approach to the design of prospective clinical trials. 
THE CONCEPT OF CLINICAL IMPORTANCE
Given the side effects, costs, and inconveniences of a therapy, the minimal clinically important difference (MCID) is the smallest treatment efficacy that would lead to a change in a patient's management. 1 The concept of the MCID is crucial in both the planning of clinical trials and the interpretation of their results. For example, persons with atrial fibrillation have a risk of stroke that can vary from 1% 2 to 15% 3 per year, depending on the presence of certain risk factors (previous history of stroke or transient ischemic attack, history of hypertension, left ventricular dysfunction, diabetes, and increasing age). 4, 5 Warfarin is more efficacious than aspirin ($65% vs 22% relative risk reduction) in the prevention of stroke in these persons. 2 ,6±8 However, compared with aspirin, warfarin use has a 1% to 2% per year increased risk of major hemorrhage, and is more costly and inconvenient to use. 2 Given the greater efficacy of warfarin, an expert panel 4 recommends that most patients with atrial fibrillation should receive long-term warfarin therapy. However, for atrial fibrillation patients with very low risk of stroke (1% to 2% per year), the panel recommends aspirin therapy. In these patients, they believe that the absolute incremental stroke protection benefit (<1% per year) that warfarin provides over aspirin is not sufficient to offset the increased risk of major bleeding, costs, and inconveniences associated with warfarin therapy. 4 In other words, for low-stroke-risk patients with atrial fibrillation, the panel does not believe that the absolute efficacy of warfarin to prevent stroke is sufficient to meet its MCID.
Determining the MCID of a therapy is also a necessary part of the clinical trial planning process. In general, sample size calculations are based upon 4 important parameters; the chance of concluding the treatments are different when they truly are not (alpha [a] error), the chance of concluding that treatments are the same when they truly are not (beta [b] error), either the estimated probability of the outcome event in the control group (if outcomes are binary) or the estimated standard deviation (if outcomes are continuous), and the delta (D) or the amount of difference the trial is trying to detect. 9 In order for clinical trials to have the best opportunity to detect clinically important treatment effects and subsequently change clinical practice, D values should be based on the MCIDs of the interventions. Although agreement on appropriate tolerance levels for both a and b error has evolved over time, 10 27 Redelmeier attempted to determine the MCID of the Health Assessment Questionnaire (HAQ), a rheumatoid arthritis scale that uses patients' symptoms and physical examination findings to measure their disease severity. First, patients' disease severity was assessed using the HAQ. Then a structured interview was arranged between 2 of the assessed patients. After the interview, using a 7-point Likert scale, patients rated their own disease severity in relation to their interview partner. The difference in score on the HAQ that corresponded to a difference that the patients were just able to notice on interview was deemed the MCID of the HAQ. Juniper et al. 28 used a slightly different approach to this problem. They examined the relationship between changes on a scale measuring global well-being and changes in the score of the outcome measure of interest. In order to determine the MCID of the Chronic Heart Failure (CHF) scale designed to measure the severity of shortness of breath (SOB) in patients with congestive heart failure, patients were serially asked to rate both their global level of disability and the severity of their SOB. The amount of change in the severity of the patients' shortness of breath that they noticed in a global sense was deemed the MCID of the CHF scale.
Social Science Literature
The effect size index (defined as D/standard deviation) is an inter-related concept that has been mainly used by social scientists to judge the clinical importance of interventions. 29 Small, medium, and large treatment effects correlate with effect size indices of 0.2, 0.5, and 0.8 respectively. 29 Although this approach is usually employed to judge the clinical importance of interventions after completion of clinical studies, it also can conceivably be used in sample size determination as long as the D values are based on the MCIDs of the interventions.
Psychotherapy Literature
From the psychology literature, Jacobson et al. 30 argued that psychotherapy makes a clinically important difference if, after treatment, patients could not be differentiated from the normal population. Along a similar vein, Kendall et al. 31 defined clinical importance as``end-state functioning that falls within a normative range on important measures.'' Considering that these definitions of the MCID do not include patients who improve but are not fully recovered, they set a higher standard for clinical importance. In summary, different disciplines have taken divergent approaches to determining the clinical importance of their interventions. There is also no consensus on the appropriate method(s) of determining the clinical importance of therapies.
THE HISTORICAL APPROACH TO THE REPORTING OF CLINICAL TRIAL RESULTS
Historically, despite the critical nature of the role of clinical importance in the interpretation of clinical trial results, journal editors have typically prompted authors to emphasize statistical significance over clinical importance when reporting their results. For example, the New England Journal of Medicine once prohibited the use of the word``significance'' in its general circulation, only allowing its use in a statistical context. 32 Also, other editors have stated that they would only accept papers that havè`s uper-significance,'' which was defined as P values less than .01. 33 This lack of emphasis with respect to clinical importance led to frequent misconceptions and disagreement regarding the interpretation of clinical trial results, and the tendency to equate statistical significance with clinical importance. 34 In many studies, statistically significant results may not be clinically important. 34 Alternatively, Freiman et al. 35 systematically documented that many studies that reported statistically insignificant results in fact did not fully exclude the possibility that clinically important differences existed. More recently, with the publication of influential papers 36 including the evidence-based medicine series in 
A SYSTEMATIC METHOD OF INTERPRETING STUDY RESULTS FROM THE PERSPECTIVE OF CLINICAL IMPORTANCE
Study results are regarded as statistically significant (P < .05) when values indicating the lower limit of the 95% confidence interval (95% CI) are greater than the null effect. Judging the clinical importance of study results can be more difficult. Fortunately, the previous work reviewed above provides a systematic method by which clinical importance can be determined (Fig. 1) . Clinical importance can take 4 forms, depending on the relationship of the MCID of the intervention to the point estimate (the best single value of the efficacy of the intervention that has been derived from the study results) and the 95% CI surrounding it:
1. definite ± when the MCID is smaller than the lower limit of the 95% CI; 2. probable ± when the MCID is greater than the lower limit of the 95% CI, but smaller than the point estimate of the efficacy of the intervention; 3. possible ± when the MCID is less than the upper limit of the 95% CI, but greater than the point estimate of the efficacy of the intervention; and 4. definitely not ± when the MCID is greater than the upper limit of the 95% CI.
Study Results of Definite Clinical Importance
Study results have definite clinical importance if the lower limit of the 95% CI is greater than the MCID. Given that the 95% CI lies completely above the MCID estimate, studies with definite clinical importance will always be statistically significant (P < .05). An example (Fig. 1,  example A) is a randomized placebo controlled trial 43 that assessed the efficacy of the addition of spironolactone to the medication regimen of patients with severe heart failure. The results demonstrated that the study intervention reduced the chance of death by an absolute value of 11.4% (calculated 95% CI, 6.7% to 16.1%). The D used for sample size calculation in this study was an absolute 6.5% reduction in mortality. If the D value is assumed to be the MCID, the results of the study can be interpreted as being both statistically significant and definitely clinically important.
Study Results of Probable Clinical Importance
The results of studies with probable clinical importance have 95% CIs that include the value of the MCID, with the point estimate being greater than the MCID estimate. The study result may or may not be statistically significant. A recent randomized trial 44 ( Fig. 1, example B) assessed the efficacy of comprehensive discharge planning and home follow-up of hospitalized elderly persons, and found a statistically significant (P < .05) absolute reduction in readmission rates of 16.8% (calculated 95% CI, 7.6% to 25.9%) when comparing the intervention and usual care groups. The sample size D was reported as 15%. Thus, the study result is probably clinically important, but there is still a reasonable possibility of a clinically unimportant effect. An example of a study with results that were not statistically significant but of probable clinical importance is a randomized controlled trial 45 that assessed the efficacy of nursing visits on outcomes of elderly people in the community (Fig. 1, example C) . The authors showed a statistically insignificant absolute decrease in the primary outcome events (combined death and hospital admissions) of 4.2% (calculated 95% CI, À4.6% to 13.0%) when comparing the intervention and control groups. Their sample size D was a relative 15% (absolute 1.5%) decrease in primary outcome events. Thus, while the results are not statistically significant, it is probable that the efficacy of the study intervention is clinically important.
Study Results of Possible Clinical Importance
Studies with possible clinical importance have 95% CIs that include the value of the MCID, and an MCID greater than the point estimate of the efficacy. Again, the study result may or may not be statistically significant. An example of a study with statistically significant results but only possible clinical importance is a randomized placebocontrolled trial by Silverstein et al. 46 ( Fig. 1, example D) .
They assessed the efficacy of misoprostol to reduce serious gastrointestinal complications in patients with rheumatoid arthritis receiving nonsteroidal anti-inflammatory drugs.
Comparing the misoprostol and placebo groups, the results showed a statistically significant 0.38% absolute reduction (calculated 95% CI, 0.02% to 0.74%) in primary outcome events in favor of the misoprostol group. In their sample size calculation, the authors used a 0.5% absolute reduction in primary events as their D. Using this value as the MCID, it is possible that the efficacy of misoprostol is or is not clinically important. Even though the result was statistically significant (i.e., the lower limit of the 95% CI did not cross the point of no effect), the difference may or may not be clinically important. Therefore, the clinical importance of the efficacy of the study intervention still needs confirmation. An example of a study with results that were not statistically significant but had possible clinical importance is a recent randomized double-blind placebo controlled trial 47 that assessed the efficacy of pentoxifylline in the treatment of venous leg ulcers (Fig. 1, example E) . The investigators found that compared with 53% of patients in the placebo group, complete healing occurred in 64% of the patients in the pentoxifylline group (an absolute difference of 11%), but this result was not statistically significant (95% CI, À2% to 25%). The authors based their sample size on the ability to detect a 20% absolute difference between the 2 groups. Thus, assuming the sample size D represents the MCID, the true efficacy of pentoxifylline in this clinical situation is possibly clinically important.
Study Results that Are Definitely Not Clinically Important
Studies with results that are definitely not clinically important have the upper limit of the 95% CI that is below the value of the MCID. Again, the study results may or may not be statistically significant. An example of a study result that is statistically significant but definitely not clinically important is a randomized placebo controlled trial 48 assessing the effect of dietary supplementation with polyunsaturated fats (Fig. 1, example F) . It demonstrated an absolute decrease of 1.3% (95% CI, 0.1% to 2.6%) in the primary outcome (combined endpoint of death, nonfatal myocardial infarction, and stroke). In the sample size calculation, the D was a 4% absolute difference between groups over a 3.5-year period. If one assumes that this value represents the MCID of the intervention, the magnitude of the intervention's effect is definitely not clinically important. However, because the authors concluded that their study result provided both``a clinically important and statistically significant benefit,'' their estimation of the MCID of the intervention is clearly not reflected in the sample size D. Thus, this example also demonstrates the need for greater methodological rigor in determining D values in sample size calculations. An example of a study with results that are not statistically significant (P > .05) and definitely not clinically important is a recent randomized controlled trial 49 that assessed the efficacy of estrogen plus progestin for the secondary prevention of coronary heart disease in postmenopausal women (Fig. 1, example G) . It did not find a statistically significant benefit to the intervention (relative risk, 0.99; 95% CI, 0.80 to 1.22) . The sample size D was reported as a 24% relative reduction (1.2% absolute reduction) in primary coronary events. Therefore, if one accepts this D as the benchmark for the MCID, a clinically important effect was ruled out. The lack of both statistical significance and clinical importance suggests that no further studies are required to test the efficacy of this intervention in similar clinical situations. Table 1 shows the possible benefits of this method of determining clinical importance. Clarifying the concept of clinical importance and the relationship between statistical significance and clinical importance will lead to improvements in both the design and interpretation of clinical trials. Widespread use of the proposed method will likely lead to standardized reporting of study sample size D values that are based on the MCIDs of the intervention. In turn, this will enhance the ability of readers to interpret the results of studies from the perspective of clinical importance. When differences in opinion arise regarding the clinical importance of study results, this method may allow the reasons for these differences to be more easily articulated (e.g., differences in opinion about actual MCID values). Thus, more explicit, orderly, and focused discussion regarding the clinical importance of study results would be promoted. Systematic determination of the clinical importance of the results of studies that use sample size Ds as the MCID benchmarks may also encourage more responsible study sample size determination. Efforts to reduce sample sizes by choosing relatively large Ds that do not accurately reflect the MCIDs of interventions would be counterbalanced by decreasing the likelihood that the results of these studies would be judged as clinically important when compared to these Ds. Thus, there would be a disincentive to inappropriately increasing the sample size Ds in an attempt to decrease the number of study patients. Additionally, because some trials can be statistically insignificant yet possibly or even probably clinically important, the greater emphasis on the clinical interpretation of trial results would further encourage trialists to choose sample size Ds that more closely reflect the MCIDs of their interventions.
BENEFITS OF A SYSTEMATIC METHOD OF DETERMINING CLINICAL IMPORTANCE
Other methodological issues in the design and conduct of clinical trials could be addressed. For example, should trials be powered to reliably determine whether an intervention produces statistically significant (P < .05) or definitely clinically important benefits? Clearly, such issues have serious implications for the sample sizes (and thus feasibility) of prospective clinical trials. Further debate regarding this issue is necessary. Also, at present, stopping rules for trials are based primarily on the statistical significance of the interim results. 50 Greater emphasis on the clinical importance of trial results may encourage the development of stopping rules that better balance the emphasis between statistical significance and clinical importance. Hence, trials would not be stopped until more reliable evidence of clinically important effects are found. There are other potential benefits. Researchers could use this approach in combination with cumulative metaanalyses 51 to provide clearer indication regarding when no further studies are needed to assess the clinical importance of therapies. Also, greater emphasis on reporting the clinical importance encourages more rigorous interpretation of the results of trials without statistically significant results. This, in turn may help reduce publication bias Ð the tendency to differentially publish papers on the basis of the direction and/or magnitude of effect estimate, which is usually based on the presence of statistical significance. For example, journals may recognize studies that reliably exclude clinically important treatment effects (Fig. 1 , example G) as``definitive negative'' trials. In order to discourage other investigators from embarking on similar studies, editors may be more willing to publish such manuscripts. Finally, this method of clinical importance determination may also encourage investigators to develop methodologies to empirically determine the clinically important differences of therapies.
POTENTIAL LIMITATIONS
Clearly, a major methodological limitation of the above approach is the uncertainty in the judgment and determination of MCIDs. MCID values for specific interventions will vary from person to person depending on their own values and the perspective (individual, professional, or societal) from which they view the intervention. Also, without the widespread use of sample size Ds that accurately reflect the MCIDs of the interventions, is it reasonable to use sample size Ds as benchmarks for determining the clinical importance of therapies? However, by comparing the relationship of other possible MCID values to the point estimate of the efficacy of the intervention and its confidence interval, readers can easily determine the level of clinical importance of the study result on the basis of their own or any other estimate of the MCID. Interestingly, the systematic determination of clinical importance of study results can help to resolve this issue. With the more careful approach to sample size calculations that is likely to result from this approach, sample size Ds would represent more accurate reflections of the investigators' beliefs about the magnitude of clinically important effect sizes. In turn, this would allow greater confidence in the clinical interpretation based on these benchmarks.
Caution must also be taken to use this approach only for the interpretation of the clinical importance of individual studies and not with recommendations for treatment. For example, it is tempting to suggest that therapies should be introduced into clinical practice if study results suggest both statistical significance (P value <.05) and definite clinical importance. In most instances, this is not appropriate until the totality of pertinent evidence is considered, such as whether efficacy translates into effectiveness and whether the intervention is cost-effective. Only then can treatment recommendations be made with confidence. Guyatt et al. 52 have written extensively regarding the process of the development of treatment recommendations. An inherent limitation of this approach is that it does not reflect the methodologic quality of studies. There is continued need to judge the validity and generalizability of study results independent of clinical importance. Just as the statistical significance of the results of methodologically flawed studies should be viewed with scepticism, so should their clinical importance.
We also recognize that the choice of values to indicate definite/probable/possible/definitely not clinically important results is arbitrary and based solely on convention. Depending on many factors, including the seriousness of the condition, the outcome being measured, the potential of the intervention to cause adverse consequences, and the availability of alternative treatments, these standards may be too strict or not strict enough. For example, suppose an initial study investigating a possible cure for CreutzfeldJakob disease (a rapidly fatal condition with no known effective treatment) found a beneficial effect that was statistically significant but did not meet the criteria for definite or even probable clinical importance. In such situations, implementation into clinical practice may be warranted even though the clinical importance of the intervention's efficacy is not fully confirmed. Alternatively, for conditions in which extremely effective therapies exist, very rigorous standards for the clinical importance of new therapies should be set. For example, if a medication is to become an effective alternative to corticosteroids in the treatment of temporal arteritis, extreme confidence in the clinical importance of its efficacy is necessary. Rather than using cut-points to indicate definitely, probably, possibly, and definitely not clinically important, an alternative approach would be to simply present the relationship between the point estimate of the efficacy and its confidence intervals and the MCID. This approach would avoid an important issue that presently plagues the statistical interpretation of clinical trial results Ð the artificial dichotomization of results into those that are statistically significant and those that are statistically insignificant. However, we believe that our proposed levels for cut-off values resulting in 4 levels of clinical importance provides clinicians with the added benefit of general guidance in interpreting clinical importance. Further debate is necessary to resolve this issue.
Finally, we recognize that further development of methods to determine the clinical importance of study results is necessary. For example, based on the relationship of the confidence interval to the MCID, it is possible to determine the probability that the true value of the efficacy of the intervention meets or exceeds an a priori determined MCID, and thus quantify the concept of clinical importance. However, the intention of this paper is to summarize previous work on the rationale and framework for the concept of clinical importance. This will hopefully encourage further theoretical and statistical developments.
SUMMARY
Systematic determination of the clinical importance of study results will increase discussion about the concept of the MCID. Thus, it has the potential of improving the methodological rigor with which clinical trials are designed, conducted, reported, and interpreted. These potential benefits may provide greater clarity for the process in which interventions with putative clinical benefits are incorporated into or rejected from the standard care of patients.
